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SOME EXPERIMENTS ON THE PRODUCTION OF 
PLEURAL EFFUSION. 
By J. B. LEATHES, M.B. (Oxon.), F.R.C.S., and E. H. STARLING, M.D. 
From tho Physiological Laboratory, Gzcy’s Hospital. 
THE various experimental investigations on the production of dropsy 
in the limbs have brought out one or two definite facts with regard to 
the conditions essential to the appearance of the cedema. The chief 
of these conclusions are- 
1. The predominant factor in the production of cedema is an 
increased lymph production, alterations in the absorbing mechanisms 
being only of subsidiary account in the process. 
2. (Edema cannot be brought about in a healthy animal by any 
moderate increase in the capillary pressure of the part, whether due 
to plethora, venous obstruction, or vaso-dilatation. 
3. On the other hand, increased capillary pressure rapidly gives 
rise to edema, if it affects vessels whose walls have been damaged 
by malnutrition. 
4. An edema (inflammatory) can always be caused by damaging 
the vessel walls to a certain extent. Under these conditions the 
damaged capillaries react much more readily than do normal ones 
to changes in the pressure and composition of the blood. 
We have to find out how far these conditions apply to the pouring 
out of fluid in the pleural cavities. Our experiments fall under three 
headings :- 
1. Effects of raised capillary pressure. 
2. Effects of injury to the vessel walls. 
3. On the place of origin of the effused fluid. 
1. THE EFFECTS OF RAISED CAPILLARY PRESSURE. 
In attempting to study the effects of a rise of capillary pressure 
on the production of pleural exudation, one is met a t  the outset by 
the difficulty that obstruction of no one vessel will cause a general 
rise of venous pressure in the walls of the pleural cavities. The 
vessels in the walls drain both into the inferior cava, and by means of 
the azygos vein into the superior cava. Since, however, the majority 
1 2 - J L .  OF PATH.-VOL. IV. 
176 J B. LEATUES AND E. H; STARLING. 
of the intercostal veins pour their contents into the azygos vein, we 
investigated the effects of obstruction of this vein. The obstruction 
was carried out in two ways. I n  certain experiments we passed a 
bent catheter, with an indiarubber bag tied on the end, down the right 
jugular vein, until its point hitched in the azygos vein. The tube 
was then pushed down the azygos a short way and the balloon distended 
with water. The obstruction was left in place until the animal was 
killed, in order that we could be certain of having inserted it properly. 
I n  other experiments we injected plaster of Paris into the azygos by 
means of a catheter previously passed into the vein-the catheter 
being chosen with a conical end in order to effectually plug the vein 
and prevent escape of the plaster into the general circulation. 
We give here one experiment of this description. 
DOG (7 ki1ogs.)-March 23, 1895.-Through opening in jugular vein, 
No. 9 conical catheter, with terminal opening on curved stylet, introduced 
into azygos vein. Stylet withdrawn and catheter pushed as far as it would 
go. About 8 C.C. plaster of Paris injected into vein ; catheter withdrawn, and 
wound closed. 
Firm swelling and thrombosis 
found to extend 14 in. down azygos; no thrombus in vena cave or heart. 
Congestion of about 1 in. of each of the three intercostal veins immediately a t  
and below the level of the azygos opening. No other signs in any intercostal 
vein. 
No cedema of the wall; some infiltration of post-mediastinum; 2.3 C.C. 
fluid on each side of chest ; pleura normal. 
March 25 (48 hours later).-Dog killed. 
It is evident that these experiments do not negative the possibility 
of causing hydrothorax by increasing the venous pressure. The 
collateral outflow from the veins is so free that the only method by 
which a rise of venous pressure in the pleural parietes might be brought 
about is by a general rise of pressure in the venous trunks near the 
heart, such as occurs in uncompensated valvular disease. We could 
not reproduce such a condition on the experimental table. The 
nearest approach to such a condition would be produced by injecting 
large quantities of fluid into the circulation. It has been shown that 
in hydrzemic plethora there is a large rise of venous pressures and 
capillary pressures in all parts of the body.2 One important difference 
between this condition and that obtaining in heart disease lies in 
the fact that in the former the blood flow is enormously quickened, 
while in  the latter it is probably considerably more sluggish than usual. 
We find, therefore, the effect of hydremic plethora on the produc- 
tion of pleural effusion. We found, however, that even when very 
large quantities of fluid had been injected, no exudation into the 
pleural cavities was produced-even when the azygos vein and 
thoracic ducts were obstructed at  the same time. 
In all cases the animals were anesthetised with morphia and A.C.E. mixture, and 
Cf. Bayliss & Starling, Jotma. PJL@L, London, 1894, vol. xvi. p. 181. 
the wounds treated aseptically. 
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The following experiment may serve as an instance of our 
DOG (8 ki1ogs.)-Jan. 25, 1895, 2 P.M.-obturator passed through jugular 
results :- 
vein into azygos. 
1 litre 1 per cent. NaCl injected into femoral vein. 
4 p.M.-Killed. 3 C.C. fluid in chest; cedema of root of lung and post- 
We must conclude, therefore, that in a healthy animal a moderate 
rise of pressure in the pleural and mediastinal capillaries, whether 
produced by inducing a condition of plethora or obstruction of the 
nzygos vein, is unable to produce any exudation into the pleural 
cavities. 
11. INFLAMMATORY EXUDATION. 
mediastinum. 
We found it much easier to produce effusion of fluid into the 
pleura by damaging the capillary walls. Croton oil, which has been 
so frequently used to produce inflammation of the limbs, does not 
seem to be applicable to the pleura, since injection of 2 mm. of this 
substance into the pleura causes death within the next 24 hours, with 
very little change in the pleura. The most useful means of producing 
pleuritis are found to be the proteids of jequirity. The jequirity seeds 
were pounded and extracted with 1 0  per cent. NaC1, and the solution 
precipitated with alcohol. The precipitate was dried, and of this 
2 decigrammes were extracted for a few minutes with 1 0  C.C. normal 
saline, and filtered. The filtrate was injected into the right pleural 
cavity. We may quote here one experiment of this nature:-- 
1 per cent. NaCl filtered and injected into right pleura ; temp. 98". 
DOG (7 kilogs.)-Marcl~ 16, 1895.--2 grnis. abrus proteids in 20 C.C. 
March l7.-Temp. 103"*8 ; seems bad. 
March 18.-Temp. 102" ; seems well ; breathing quietly. 
March 19.-Temp. 100"*8. 
March 20.-Temp. 99"; lymph flow taken; 8 C.C. in an hour; dog 
Post-naortena.-22 C.C. in right chest. '' Lymph )) and adhesions over right 
Silvered specimens of central tendon and intercostal pleura show no endo- 
In  both cases we have, as a result of jequirity injection, inflam- 
matory changes in the tissues surrounding the pleura, as evidenced by 
the thickening and cedema of the peripleural tissues in the thoracic 
wall and mediastinurn. It seem probable that such a condition of 
thiiigs is always associated with the exudation of pleuritis. So long as 
the lesion is confined to the most superficial layer of the pleura, no 
increased exudation is observed. Such a superficial injury was 
produced in the two following experiments by injection of hot water 
into the plenral cavities. In  both cases the effect of the lesion was 
heightened by the production of hydrcemic plethora. I n  neither case, 
Idled. 
lung and pericardium ; left lung and pleura normal ; fluid bloody. 
thelial outlines. 
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however, was there evidence of any markedly increased production of 
pleural fluid. Where pleurisy gives rise to effusion, the result is to 
be ascribed rather to a peripleuritis than to a pleuritis. We  could 
obtain no evidence that the production of pleural effusion could ever 
be evoked by a stiniulation of the endothelial cells. 
at a temperature of 85" C., injected into right pleura. 
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I. DOG (7.5 kilogs.)-Ay~il 23, 1895.-At 1.15, 50 C.C. 1 per cent. iSaC1, 
From 1.50 to 2.3O.-Injectcd 1000 C.C. 1 per cent. NaCl into femoral vein. 
4.15.-Dog killed. 
Recovered 57 C.C. fluid from pleural cavities. Slight ecchymoses found on 
11. DOG (9.5 ki1ogs.)-April 26, 1895, 10.30.-50 C.C. 1 per cent. NaC1 
1 1.15.-Azygos vein obstructed in usual way. 
11.45 to 12.30.-Injected 1250 C.C. 1 per cent. NaCl solution into femoral 
vein. 
3.15.-Dog killed. Found 60 C.C. fluid (very bloody) in chest, but some 
of the fluid was derived from the mediastinal tissues. Enormous edema of 
stomach and pancreas. 
Pleura more injured than in Exp. I., especially over the ribs, where it was 
reddened and rough (loss of endothelium). Left side of chest apparently 
quite normal. 
We have already alluded to the observations of Jankowski on the 
susceptibility of the lymph production in inflamed limbs to moderate 
variations in capillary pressure. In a normal limb, ligature of the 
femoral vein or section of the vasomotor nerves causes very little 
change in the lymph production of the part. If, however, the 
capillaries be altered by the injection of turpentine emulsion into the 
ball of the.foot, the lymph flow from the inflamed limb is markedly 
increased by either of these procedures. So far as our imperfect 
experimental control of the circulatory conditions in the pleural 
parieties goes, it carries out and confirms these observations of 
Jankowski. The simple injection of abrus proteids causes a moderate 
pleuritic effusion (20 to 30 c.c.), with only a iransitory affection of 
the health of the animal. If, however, we inject these proteids, and, 
several days later, when all inflammatory symptoms have subsided, 
cause a rise of capillary pressure in the pleural wall by producing 
hydrt-emic plethora, the animal dies rapidly of asphyxia, and post- 
mortem we find an enormous accumulation of fluid in  the pleural 
cavities. 
MEDIUM-SIZED I )oG-~arch  25.-Temp. 100O.6 C. Injected 0.3 grms. 
abrns proteids in 10 C.C. 1 per cent. NaCl solution (filtered through linen). 
March 26.-Temp. 102" ; seems fairly well. 
March 27, 3.30 P.M.-Morphia and HCl; vena azygos obstructed from 
jugular vein. 
4.5 P.M.-gOO C.C. 1 per cent. NaCl injected into femoral vein ; pulse kept 
good; respiration quick a t  first, but gradually slower and deeper. At  5 P.M. 
was very deep and laboured ; air entering badly ; chest fully expanded, hardly 
moves with extremely laboured respiratory efforts ; pulse good. 
pleura of right side, but no marked destruction of endothelium. 
at 95" C. injected into right chest. 
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5.15.-Died asphyxiated. 
Post-mortenz.-Obturator in position ; 160 C.C. in right pleura, 90 C.C. in left 
pleura ; 8 C.C. in pericardium ; intense universal pleurisy ; cedema of media- 
stinum, especia.lly at top, " lymph " everywhere ; lung collapsed, airless and dry ; 
fluid bloody ; cedema not more marked at puncture ; necrosis of pleura 8 in. 
diam. at puncture j rather more fluid in peritoneum than usually found with 
hydraemic plethora ; otherwise normal ; fluid clots rapidly, but not completely. 
Streptococci and diplococci abundant in necrosed part round puncture, but 
not found in pleura elsewhere, nor in nediastinum, nor over lung ; visible only 
in structureless exudation round the puncture. 
111. THE ORIGIN OF THE EXUDATION. 
The next point to be considered is the origin of the effused fluid. 
We have already seen that, in all probability, the fluid is poured out, 
not by the pleural endothelium, but in the tissues surrounding the 
pleura. It was shown by Dybkowsky that  any fluid injected into the 
subpleural connective tissue spaces made its way, not into the pleural 
lymphatics, but into the serous cavity, whence it could be taken up  
by the lymphatics ramifying in  the pleural membrane. It is evident 
that  any fluid exuded from the blood vessels in the subpleural tissues 
must take the same course, and, if not removed, would tend to 
accumulate in  the pleural cavity. An accumulation of fluid i n  the 
pleural cavities is almost invariably found to be associated with 
cedema of the posterior mediastiiial tissues, and the question arises 
whether the fluid distending these tissues is derived from the pleural 
tluid, or vice versd. We have therefore to  determine the fate of the 
tluid injected into the tissues of the posterior mediastinuin. I n  the 
two following experiments these tissues were rendered cedematous by 
allowing normal saline fluid to run into the carotid sheath from a 
burette. Both in the dead and the living aiiinial we found that the 
fluid made its way through the endothelial layer, separating the 
pleural cavities from the mediastinurn, and filled the pleural cavities, 
although the coiitinuity of the endothelium remained unbroken. 
1. May 22, 1895.-Cannula tied into carotid sheath of dead dog; 350 C.C. 
1 per cent. NaC1 solution allowed to run slowly in from a burette ; artificial 
respiration being kept up. 
There 
was cedema of posterior mediastinurn as far as the diaphragm. The edema 
did not extend past the pillars of the diaphragm ; no fluid in peritoneum or 
pericardium ; pleura covering post-mediastinal tissues intact. 
11. May 23, 1895.-Same experiment on living dog. 
2.30.-Cannula placed in carotid sheath. 
2.30 to 5 P.M.-250 C.C. 1 per cent. NaCl run in slowly from a burette. 
5.30 P.M.-Do~ killed. 
CEdema in posterior mediastinuni down to diaphragm, and in anterior 
inediastinuni as far as the heart. A little fluid in pericardium; none in 
peritoneurii. 
We must conclude, therefore, that  any excessive exudation of 
fluid in the subpleural or mediastinal tissues will tend to make its 
This took 34 hours. 
Dog was then examined. Both pleural cavities found full of fluid. 
Found 120 C.C. fluid in pleural cavities. 
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way into the pleural cavities, and give rise to pleuritic effiisioii. 
Under normal conditions the exuded fluid will be carried off as fast 
as it is formed by the lymphatics, and perhaps to some extent may be 
absorbed by the surrounding venous capillaries. As soon, however, as 
any increased production caused by venous obstruction or iiijury to 
the capillary walls becomes associated with impeded absorption (as by 
blocking of the entries to the lymphatics by means of fibrin coagula), 
lymph production will predominate over lymph absorption, and an 
accumulation of fluid in the pleural cavities will result. 
If it be permissible to apply these imperfect experimental data 
directly to the explanation of clinical phenomena, we may formulate 
the followiiig conclusions :- 
1. So long as the vessels are healthy no change in the pressure of 
the blood in the capillaries supplying the pleura is able to bring about 
pleural effusion. 
2. In  the hydrothorax of heart disease, we have probably the 
concomitant working of several factors, i.e. the raised capillary 
pressure, iind in  many cases a certain amount of hydraemic plethora. 
These, however, are acting 011 the capillaries which are suffering from 
malnutrition, and are therefore in a sub-inflammatory condition. 
There is, a t  the same time, an impediment to absorption in  the 
obstruction to the flow through the thoracic ducts caused by the 
venous engorgement. 
3. I n  the exudation of pleurisy, the chief factor is an increased 
permeability of the walls of the vessels in the subpleural and 
mediastinal tissues. The increased exudation hereby produced makes 
its way in the direction of least resistance, viz., into the pleura. The 
clots formed in  the inflammatory exudation adhere to the pleural wall, 
and tend to check absorption, which is also probably hindered by the 
pressure of the peripleural exudation on the subpleural lymphatics. 
I n  every case, therefore, where effusion into the pleura is produced, 
diminished absorption is associated with the increased exudation of 
fluid from the blood vessels. 
